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t).  AtSTRACf  (Minimum 300  wardi^ 

The  development  of  a  new  mechantronic  tool  holder  system  that  is  capable 
of  fast  and  precise  local  tool  adjustments  based  on  sensory  feedbacks  is 
proposed.  Central  to  this  development  is  the  use  of  magnetic  servo  levltatloij 
for  driving  the  tool  as  well  as  for  measuring  tool  forces.  To  control  the 
device,  a  Neural  Network  based  model  identifier  and  H-aa  based  high  servo 
stiffness  scheme  will  be  used.  The  device  will  be  capable  of  a  high  bandwidt 
tool  adjustment  (up  to  300Hz)  and  long  range  motion  (1  mm).  This  Tong  range 
feature  is  particularly  desirable  for  fabricating  non- rota tionSlly  symmetric 
surfaces  considering  that  conventional  piezo-electric  driven  systems  average 
an  order  of  magnitude  smaller  ranges. 

Since  the  beginning  of  the  project  2  months  ago,  initial  efforts  have 
focused  on  sizing  the  efectromagnets  such  that  sufficient  force  can  be 
generated  while  minimizing  the  volume  of  the  actuator. 
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The  goal  of  this  project  is  to  develop  and  construct  a  Fast  Tool  Servo  (FTS)  System  using  an 
Electromagnetic  Force  Actuator.  The  design  objectives  for  the  FTS  are  (a)  a  range  of  0.6  -  1.0 
millimeters,  (b)  resolution  on  the  orxier  of  nanometers,  and  (c)  300  Hz  bandwidth. 

Initial  efforts  have  focused  on  sizing  the  electromagnets  such  that  sufficient  force  can  be  generated  while 
minimizing  the  volume  of  the  actuator.  With  a  knowledge  of  the  moving  mass  and  its  acceleration  as  a 
function  of  time,  the  required  actuator  fcuces  can  be  established.  However,  since  the  actual  q)erating 
conditions  which  the  actuator  will  encounter  are  difficult  to  predict,  sinusoidid  motion  is  often  used  as  a 
simplified  design  metric.  Given  that  the  force  required  for  sinusoid^  motion  is  a  function  of  the  moving 
mass,  the  displacement  amplitude,  and  the  ftequei^,  the  required  force  can  be  estimated. 


F  =  m  X  =  -  m  Xmax  (0^  sin  (tot) 


(1) 


where  "m"  is  the  moving  mass,  "x"  is  the  acceleration,  "Xnuuc"  is  the  maximum  displacement  amplitude, 
"m"  is  the  circular  or  angular  fr^uency  of  the  iiKKicm,  and  "t"  is  time. 

The  theoretical  attractive  force  generated  by  an  electromagnet  is  given  by  the  following  expression: 


MqN^PIw 

4g2 


(2) 


where  "lio"  is  the  permeability  constant,  "N"  is  the  number  of  turns  of  coil  wire,  "i”  is  the  current  through 
the  coil  wire.  "1"  is  the  length  of  the  pole  area  (i.e.,  the  end  area  of  the  center  leg  or  half  of  the  end  area  of 
the  three  legs),  "w"  is  the  width  of  tlie  pole  area,  and  "g"  is  the  gap  between  the  "E”  and  T  laminations 
(see  Figure  1). 


Figure  1:  "Pull-Puir,  Two-Electromagnet  System. 


For  sinusoidal  operation  of  the  "pull-puir,  two-electromagnet  system  shown  in  Figure  1.  the  maximum 
required  positive  force  (i.e.,  the  attractive  force  exerted  on  the  moving  mass  by  the  right  electromagnet) 
occurs  when  the  moving  mass  is  located  at  its  most  negative  position  (i.e.,  the  leftmost  position). 
However,  the  magnitude  of  this  positive  force  is  a  minimum  at  this  most  negative  position.  To 
compensate  for  this  potential  force  defficiency,  flexures  will  be  investigated  for  use  in  supplementing  the 
electromagnetic  force  at  large  gaps  (see  Figure  2).  The  restoring  force  of  a  flexure(s)  could  assist  the 
electromagnet  in  pulling  the  moving  mass  back  to  the  center  position  (see  Figure  3).  Although  the 
electromagnet  would  have  to  overcome  the  flexure  force  in  order  to  continue  pulling  the  moving  mass  past 
center,  it  can  be  seen  in  Figure  3  that  the  electromagnet  would  be  capable  of  generating  more  force  in  this 
positioning  range  because  of  the  reduced  gap.  The  flexures  could  also  serve  as  a  bearing  system  to  guide 
the  motion  of  the  moving  mass. 


Figure  2:  "Pull-Pull",  Two-Electromagnet  System  with  an  Assisting  Flexure. 

As  can  be  seen  in  Figure  3,  another  problem  which  must  be  addressed  is  the  discrepancy  between 
theoretical  and  actual  electromagnetic  forces.  Because  of  losses  which  are  functions  of  die  laminations' 
material  properties  and  the  electromagnet  geometty,  tht  attainable  magnetic  field  has  a  practical  upper  limit 
If  the  attainable  magnetic  field  has  an  upper  bound,  then  the  achievable  magnetic  force  will  also  be  limited. 
Work  by  Poovey,  Holmes,  and  Trumper  (1]  has  shown  that  the  actual  forces  deviate  substantially  from  the 
values  [Hi^icted  by  Equation  2.  To  better  characterize  the  behavior  of  a  electromagnetic/flexure  system,  a 
simple  prototype  (similar  to  the  system  depicted  in  Figure  2)  will  be  designed  and  construct^.  The 
process  of  specifying  the  various  electromagnet  components  (e.g.,  "E"  and  "I"  laminations,  wire  size, 
bobbin  size)  is  underway. 


0.0012  0.0011  0.0010  0.0009  0.0008  0.0007  0.0006  O.OOOS  0.0004  0.0003  0.0002 

Ctap(Ri) 

Figure  3:  The  Flexure  Force,  the  ThecMetical  and  Feasible  Attractive  Forces  of  the  Right  Electronu^gnet, 
and  the  Net  Force  as  the  Moving  Mass  is  pulled  from  the  Leftmost  Position  to  the  Rightmost  Position. 
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